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APPARATUS FOR THE TREATMENT, IN
PARTICULAR DRYING, OF MATERIAL
WEBS

The 1nvention relates to an apparatus for treating thin
material webs, 1n particular of paper, film or the like, with a
gaseous medium, 1n particular air, in drying chamber,
through which the material web 1s conveyed, preferably
continuously, and in which the air—intake air—is directed
onto the material web from above and from below by means
of nozzles, the nozzles being connected to nozzle boxes nto
which the intake air can be fed.

For this type of dryer it 1s important that the treatment
medium, that 1s to say in particular intake air, becomes
ciiective with the best possible distribution over the entire
treatment surface of the material web. In this case, the
material web should be exposed to the same flow conditions
and properties of the air, namely 1 respect of moisture,
temperature, etc., over the full width 1n the region of the
drying chamber. Furthermore, cross-currents of air in the
region of the material web can cause the edge regions of
(very thin) material to flutter, which may adversely affect the
drying process.

Consequently, the mvention 1s based on the object of
proposing an apparatus which, with a high performance
capability, that 1s to say with high heat transmission values
to the material web, enables precise (drying) treatment with
constant parameters over the entire treatment surface.

To achieve this object, the apparatus according to the
invention 1s characterized by the following features:

a) arranged above and below the material web in each
case 1S at least one nozzle box with nozzles directed
onto the material web,

b) the air flowing back from the material web—return
ailr—can be conveyed away by means of return-flow
ducts which are arranged 1 the nozzle boxes and pass
through the latter,

¢) the return-flow ducts open above the upper nozzle
boxes 1nto collection space and below the lower nozzle
boxes 1nto a return-air space,

d) the return air can be conveyed away upwards at least
out of the lower return-air space formed below the
lower nozzle box by at least one (closed) air conduit, in
particular by return-flow shafts which preferably open
into the upper collection space.

The 1nvention 1s based on the finding that optimum
treatment results can be achieved if the air flowing back or
reflected from the material web, that 1s to say the return arir,
1s conveyed away directly in the return-flow region, namely
by the return-flow ducts arranged in the nozzle boxes.
According to the invention, the return air 1s conducted away
in closed conduits, namely return-flow shafts, from the
lower collection space 1n an upward direction to the upper
collection space where 1t 1s combined with the return air
present there. By conducting air 1n a direct and separate
manner from the upper side of the material web on one hand,
and from the lower side of the material web on the other, 1t
1s possible to avoid a cross-current of air 1n the region of the
material web. In addition, any fluttering at the edge regions
of very thin material webs can be avoided. The intake air as
well as the return air are led through controlled, closed ducts.

According to a further proposal of the invention, the total
volume of return air 1s partly conducted away to the outside,
that 1s to say out of the treatment space or drying chamber.
Part of the return air 1s mixed with the intake air fed 1n from
outside and, after treatment, 1s again conducted back into the
treatment circuit for the material web.
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According to a further proposal of the mvention, the
intake air 1s also fed to the nozzle boxes via ducts or
conduits. The upper nozzle box 1s preferably assigned a
plurality of intake-air ducts which open into the (upper)
nozzle box in areas which are favorable in terms of flow.
Intake-air ducts are likewise provided for the lower nozzle
box, which ducts are conducted laterally past the upper
nozzle box and preferably open 1nto the lower nozzle box at
the four corners.

Furthermore, the invention concerns the design of the
nozzle boxes. They have continuous slot nozzles which
extend transversely to the conveying direction of the mate-
rial web. Return-tlow ducts for the return air are arranged
between the slot nozzles, 1n each case positioned 1n rows, 1n
the nozzle boxes.

Further details of the invention are explained in greater
detail below with reference to exemplary embodiments
illustrated 1n the drawings, 1n which:

FIG. 1 shows a schematic, longitudinal section of a
treatment or drying chamber;

FIG. 2 shows a bottom view of an (upper) nozzle cham-
ber;

FIG. 3 shows a schematic cross-section of a treatment or
drying chamber;

FIG. 4 shows an enlarged view of part of the drying
chamber cut away transverse to the conveying direction; and
FIG. § shows a plan view of the (upper) nozzle box.

The apparatus for treating thin material webs 10 com-
prises at least one treatment chamber or drying chamber 11.
This 1s a large-volume space which i1s surrounded on all
sides by a chamber housing 12 and 1n which the treatment,
namely 1n particular drying, of the material web 10 takes
place.

The material web 10 1s preferably conducted continuously
through the drying chamber 11. In the region of an upright
front wall 13, the material web enters the drying chamber 11
via an entry slot 14. On the opposite side, the material web
10 exats from the drying chamber 11 1n the region of an end
wall opposite the front wall 13 1n the region of an outlet slot
16.

In the drying chamber 11, the material web 10 1s treated
with a flowing medium, in particular with (heated) air,
namely intake air. The said intake air 1s directed onto both
sides of the material web 10, that 1s to say from above and
from below, by means of nozzles.

For this purpose, a nozzle unit 1s arranged in each case
above and below the material web 10. Said nozzle unit
comprises an upper nozzle box 17 and a lower nozzle box
18. The treatment medium, namely intake air, 1s conducted
into the nozzle boxes 17 and 18. Inside the nozzle boxes 17,
18 there 1s an overpresssure, so that the air flows out of the
nozzle boxes 17, 18 downwards and upwards via nozzles
and 1s thus directed as a jet of air against the material web
10.

A large number of nozzles, namely slot nozzles 19 extend-
ing transversely to the conveying direction of the material
web 10, are arranged on the underside of the upper nozzle
box 17. Each of these slot nozzles 19 extends over the full
width of the material web 10 or the nozzle box 17. In the
conveying direction, the slot nozzles 19 are arranged slightly
spaced from one another, for example with a center-to-center
spacing of 70 mm to 80 mm. In the longitudinal direction of
the slot nozzles 19, these may be configured as integral
nozzles which extend over the full width of the material web
10 or the nozzle box 17. They may, however, also be
individual nozzle sections adjoining one another.

The slot nozzles 19 are connected to the interior of the
nozzle box 17 via openings in a bottom box wall 20. In this
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case, the openings are oval slots 21 which are arranged 1n
parallel rows slightly spaced from one another in the lon-
oitudinal direction of the slot nozzles 19. The slot nozzles 19
adjoin the said slots 21 or a row of such slots 21, so that they
are supplied with intake air via the slots 21.

The lower nozzle box 18 1s configured similarly. Parallel
rows ol openings, namely oval slots 23, are likewise
arranged 1n a top box wall 22 facing the material web 10.
Adjomning the said slots are slot nozzles 24 of the lower
nozzle box 18 1n such a way that the said lower slot nozzles
24 are directed upwards and direct a jet of air against the
underside of the material web 10.

In relation to the slot nozzles 24 of the lower nozzle box
18, the slot nozzles 19 of the upper nozzle box are offset
relative to one another in the direction of movement of the
material web. The slot nozzles 19, on the one hand, and 24,
on the other hand, are correspondingly positioned “in the
cgap” relative to one another. This results 1n optimum guid-
ance and support of the material web 10.

The air flowing back 1n the region of the material web 10
or reflected by the latter, that 1s to say return air, 1s conducted
away directly 1n the region of origin. For this purpose,
return-flow ducts 25§, 26 are arranged 1n each nozzle box 17,
18. Said ducts are tubes or pieces of tubes which pass
through the nozzle box 17, 18 from the side facing the
material web 10 to a collection region for return air formed
above and below the nozzle boxes 17, 18. The return-flow
ducts 25, 26 or the pieces of tube forming the latter are
mserted 1nto the nozzle boxes 17, 18 and are each connected
to the bottom box wall 20 and a top box wall 27 or to the box
wall 22 and a bottom box wall 28. In the present preferred
exemplary embodiment, the return-flow ducts 25, 26 are
coniigured with a polygonal or rectangular cross-section.

The return-flow ducts 25, 26 are distributed over the entire
nozzle box 17, 18, specifically 1n this case 1n a regular
distribution. A row of return-flow ducts 25, 26 1s arranged 1n
cach case 1n the spaces between the slot nozzles 19 and 24.
The return-tlow ducts 25, 26 are arranged in rows aligned 1n
the longitudinal and transverse direction. The cross-sections
are chosen such that the generated return air can be con-
ducted away 1s reliably via the return-flow ducts 25, 26.

A special feature of the apparatus consists 1 the separate
transport of the treatment or intake air on the one hand and
the return air on the other hand, cf. FIG. 3. The intake air 1s
introduced on one hand from a flow duct 29 into the upper
nozzle box 17 via closed intake-air ducts 30, 31. In the
process, the intake-air 30, 31 are connected to the opposing,
end regions of a tlow duct 29, and directed downwards. The
intake-air ducts 30, 31 enter the upper nozzle box 17 from
above, specifically 1n the region of a top box wall 27. Inside
the upper nozzle box 17, the intake air builds up an over-
pressure.

Furthermore, intake air 1s also fed to the lower nozzle box
18, namely likewise via closed ducts. These are intake-air
ducts 32, 33 which are arranged offset relative to the
intake-air ducts 30, 31. The intake-air ducts 32, 32 for the
lower nozzle box 18 are likewise connected to the flow duct
29 and led laterally past the upper nozzle box 17. Overpres-
sure of intake air also builds up 1n the lower nozzle box 18.

The return flow of air reflected from the material web, that
1s to say the return air, 1s of particular significance. It is
important to separate it strictly from the treatment or intake
air 1n the region of the nozzle boxes 17, 18 or the material
web 10.

In the region of the upper nozzle box 17, the return air
flows via the return-flow ducts 25 directly into the collection
space 34 formed above the nozzle box 17. The return air
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arising in the region of the lower nozzle box 18 1s conveyed
downwards via the return-flow ducts 26 mnto a return-air
space 35 below the lower nozzle box 18. From this return-air
space, the return air 1s conveyed away 1n a targeted manner,
specifically via return-flow shafts 36, 37. These are open
towards the lower return-air space 43. The return air is
conveyed upwards through the return-flow shafts 36, 37
laterally next to the lower nozzle box 18 and next to the
upper nozzle box 17 (arrow 44) . At that point, the return-
flow shafts open into the collection space 34.

From the collection space 34, the return air 1s again
conveyed to the intake-air ducts 30, 31, 32, 33. The intake
air 1S thus conveyed m two closed circuits which are
connected via the collection space 34. An air exchange with
fresh air can thereby take place, as fresh air 1s introduced 1n
the region of the flow duct 29 (or of the collection space 34)
via a duct 38 and (the same amount of) return air is removed
via a return air shaft 39.

A1r can be heated by being led over air heaters 40 which
are arranged 1n the collection space 34 or 1n the flow duct 29.
Alternatively, the air heaters can also be arranged in the
intake-air ducts 30, 31, 32, 33.

The circulation of air arises due to pressure gradients 1n
the intake air ducts 30, 31, 32, 33 and 1n the collection space
34. The pressure gradient 1s generated by fans 41, whose
region of suction 1s connected to the collection space 34 1n
the flow duct 29, where an overpressure 1s thereby gener-
ated. The fans 41 convey the gaseous medium out of the
collection space 34 into the tlow canal, where they generate
an overpressure. Due to the pressure gradient and the
structural design of the drying chamber 11, no further
devices are needed to convey the gaseous medium. In the
present case, the overpressure 1n the flow duct 29 and 1n the
intake-air ducts 30, 31, 32, 33 1s 122 mm, 1n the collection
space 34 the overpressure is approximately (=) 30 mm.

As a result of the pressure gradient of approximately 130
mm between the intake ducts and the and the return flow
ducts, no air losses or cross-currents occur in the drying
chamber 11.

The intake-air ducts 30, 31, 32, 33 and the return flow
shafts 36, 37 may be arranged 1n different ways. In the
cross-section of the drying chamber as shown 1n embodied
example according to FIG. 3, the intake-air ducts 30, 31, 32,
33 are arranged 1n two rows lateral to the material web 10,
in each case with at least one intake-air duct 30, 32 on the
right side and at least one intake-air duct 31, 33 on the left
side. The upper 1ntake-air ducts 30, 31 open 1nto the upper
nozzle box, as already described. The lower intake-air ducts
32, 33 are led either through or past the upper nozzle box and
open 1nto the lower nozzle box. In FIG. 3, at least one
return-flow shaft 35 1s led past the right side of the nozzle
boxes and opens 1nto the collection space 34. Return-tlow
shaft 37 1s correspondingly led past the left side of the nozzle
boxes 37, 38 and likewi1se opens mto the collection space 34.
A particularly compact design of the drying chamber 11 can
be realized with the alternative embodiment as shown in
FIG. 5. In this case, the mtake-air ducts 30, 31 are arranged
in the front and rear regions of the material web 10 relative
to the conveying direction. Specifically 1n this example, five
intake-air ducts 30, 31 are respectively distributed across the
width of the nozzle box 17. These ducts are pipes having a
circular cross section. Air entering via the rear intake-air
ducts 30 (relative to the conveying direction) flows in the
direction of movement of the material web 10, while air
entering via the intake-air ducts 31 flows against the direc-
tion of material web movement. The intake-air ducts 32, 33
to the lower nozzle box 18 are arranged laterally next to the
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upper nozzle box 17. Arranged adjacent to each corner at the
longitudinal sides of the nozzle box 18 1s an mtake-air duct
32 and 33, respectively, having a rectangular cross section.
Accordingly, the intake air enters the nozzle chamber 18
from the sides 1n a direction oblique to conveying direction
of the material web. The intake air of the intake-air ducts 32,
33 flows (obliquely) opposite the conveying direction of the
material web. In the present example, the four return-flow
shafts 36, 37 having a rectangular cross section are likewise
arranged laterally next to the nozzle boxes 17 and 18. The
return-flow shafts 36, 37 at the lower nozzle box 18 lie
between the intake-air ducts 32, 33 arranged at the corners
in a recess formed by the latter.

What 1s claimed 1s:

1. Apparatus for treating thin material webs (10) with air
in a drying chamber (11), through which the material web
(10) is conveyed and in which intake air 1s directed onto the
material web (10) from above and from below by means of
nozzles, the nozzles being connected to nozzle boxes (17,
18) to which air can be fed, in which

(a) arranged above and below the material web (10) in
cach case is at least one nozzle box (17, 18) with
nozzles directed onto the material web (10),

(b) the return air flowing back from the material web (10)
can be conveyed away by means of return-flow ducts

(25, 26) which are arranged 1n the nozzle boxes (17, 18)
and pass through the latter, characterized in that

(¢) the return-flow ducts (25, 26) above the upper nozzle
boxes (17) open 1nto a collection space (34) and those
below the lower nozzle boxes (18) open into a return-
air space (35), and

(d) the return air can be conveyed away at least out of the
return-air space (35), formed below the lower nozzle
box (18), by at least one air conduit (36, 37) which
opens into the upper collection space (34).

2. Apparatus according to claim 1, characterized 1n that a
plurality of return-flow shafts (40, 41) laterally adjacent to
the two nozzle boxes (17, 18) lead from the lower return-air
space (35) into the upper collection space (34).

3. Apparatus according to claim 1, characterized in that
the mtake air from a region outside of the upper collection
space (34) can be fed to the nozzle boxes (17, 18) by means
of intake-air ducts (30, 31 and 32, 33, respectively) con-
nected to each nozzle box (17, 18).

4. Apparatus according to claim 1, characterized in that,
in the region of the upper nozzle box (17), intake-air ducts
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(30, 31) open into the nozzle box (17) in the region of a top
box wall (27), at mutually opposite end regions of the
elongate nozzle box (17).

5. Apparatus according to claim 1, characterized in that
intake-air ducts (32, 33) for supplying the lower nozzle box
(18) run laterally past the upper nozzle box (17) and open
laterally into the lower nozzle box (18).

6. Apparatus according to claim 1, characterized 1n that
the return air which has been combined in the upper col-

lection space (34) can partly be conducted away out of the
drying chamber (11) to the outside via a return-air shaft (39)
and can partly be fed back into the treatment process.

7. Apparatus according to claim 6, characterized in that
the intake-air ducts (30, 31) for the upper nozzle box (17)
and/or the intake-air ducts (32, 33) for the lower nozzle box
(18) are connected to the flow duct (29).

8. Apparatus according to claim 1, characterized by the
following features:

(a) arranged on the side of the nozzle boxes (17, 18)
facing the material web (10) are slot nozzles (19, 24)
which extend transversely to the conveying direction of
the material web (10) and are connected to the interior
of the nozzle box (17, 18) via openings in one box wall
(20, 22);

(b) return-flow ducts (25, 26) are formed in the nozzle box
(17, 18) between the adjacent slot nozzles (19, 24),
which are arranged spaced apart from one another, said
return-flow ducts (25, 26) passing through the nozzle
box (17, 18) and open on both sides of the nozzle box
(17, 18) so that the return air reflected from the material
web (10) can be conducted away upwards and down-
wards via the return-flow ducts (25, 26).

9. Apparatus according to claim 1, characterized in that

the nozzles (19, 24) are slot nozzles.

10. Apparatus according to claim 2, characterized 1n that
two return-flow shafts (36, 37) are arranged on each side of
the nozzle boxes (17, 18) in the central region thereof.

11. Apparatus according to claim 6, characterized 1n that
the return air can be fed back by being introduced into a flow
duct (29) which is formed in the upper region of the drying
chamber (11) and in which the return air received is mixed
with fresh air fed 1n from outside and can be conducted via
treatment units.

12. Apparatus according to claim 11, characterized 1n that
the treatment units are equipped with air heaters (40).
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